One of the students, Mr. Caribee Collier will be graduating from Xavier University of Louisiana in May 1997 and will be attending graduate school this fall. Two new students will start learning these techniques and will be working on this project this summer.
In the coming months FTIR studies on Iron-Zinc catalysts will be investigated. Magnetization studies on these samples have been completed and we plan to correlate FTIR data with magnetic data. Transition metals cobalt and copper play significant roles in the conversion of syngas (CO + H 2 ) to liquid fuels. With a view to examine the nature of interaction between CO and metal, the FTIR spectra of CO adsorbed on CoCr 2 O 3 composites were investigated. The results indicate that as cobalt loading increases, the intensity of the CO adsorption bands increase and several vibrational modes seem to be promoted. Heat treatment of the sample revealed two distinct processes of adsorption. Bands due to physisorption disappeared while bands due to chemisorption not only increased in intensity but persisted even after desorption. It seems that the physisorption process is more active when the catalyst is fresh and is hindered when carbidic/carbonyl formations occur on the metal surfaces.
CO Adsorption on Cobalt Particles

INTRODUCTION:
The study of CO adsorption on Co-Cr 2 O 3 alloy by infra-red spectroscopy and magnetic methods is of interest for various reasons.
(i) A complete description of gas-metal interactions requires information on both the adsorbate and the absorbent, and this can be achieved by using simultaneously these two techniques.
(ii) CO is a good probe molecule for chemisorption studies because of its associative or dissociative nature when adsorbed on metal. This study could provide information on the electron charge transfer mechanism of the probe molecule.
(iii) Magnetization studies provide information on the changes in the metallic charge distribution character of the composite sample.
Very little work [1] [2] has been done on infrared spectra of carbon monoxide adsorbed on cobalt. . To our knowledge no FTIR studies of CO adsorption on CoCr 2 O 3 have been made nor any correlation results reported between magnetization and FTIR data. This paper presents the results of the magnetic and FTIR measurements on Co-Cr 2 O 3 metal composite.
EXPERIMENTAL METHODS:
Magnetic measurements of the composite sample were made using a Digital Measurement Systems (Boston, MA) DMS-880 vibrating sample magnetometer and Zero-field NMR spectra were obtained using a modified WILK's NQR spectrometer described else where [3] .
The FTIR Spectrometer and DRIFT System consists of Mattison Research series FTIR spectrometer, equipped with an MCT detector operable in the mid IR region (4000-600 cm -1 ), a diffuse reflectance accessory, an environmental chamber and an automatic temperature controller.
An optical diagram of the diffuse reflection attachment is shown in Fig.1 . The praying mantis design incorporates two 6:1 90 o off -axis ellipsoidal mirrors, M 3 and M 4 , which subtend 20% of the 2 pi solid angle. These ellipsoids are arranged with a common focal point S. Mirrors M 1 and M 2 transfer the IR beam from the spectrometer to the first of these ellipsoids M 3 . This ellipsoid focuses the beam onto the sample, S. The second ellipsoid collects the radiation diffusely reflected from the sample. This radiation is then directed by mirrors M 5 and M 6 towards the detector. The environmental chamber ( fig.2) , a stainless steel reaction chamber, consists of a sample cup to load the sample, two windows at the entrance and exit positions for the incident and reflected infrared radiations. A third window is provided at the back of the chamber to illuminate or view the sample. In addition two entry ports are provided for vacuum and gas and another set for water circulation. The environmental chamber is connected to an automatic temperature controller that can be raised up to 600 o C. C CO was out gassed and the temperature was increased in reverse order to obtain the desorbed spectra of CO. Four different samples (0.5 < Co/Cr < 16.0) were used in this investigation to study the effect of metal ratio on the CO stretching frequencies. FTIR spectra for each sample were taken three times for reproducibility of the results. All the spectra obtained were recorded with 500 scan accumulation at a resolution of 4 cm -1 .
RESULTS AND DISCUSSION:
Magnetization studies made on three samples Co/Cr ≤ 2.0 indicate that about 75% of cobalt is locked in Co-Cr 2 O 4 type spinel structures. Only 25% of the loaded metal appears to be amenable for reduction. NMR spectra did not reveal any inter-metallic interaction between cobalt and chromium. NMR lines occurred in the expected positions for pure cobalt [4] .
FTIR results are presented in Table 1 In all the spectra recorded we did not observe any significant changes due to temperature variation.
The observed spectra fall in to three distinct regions.
A. 2900 -2750 cm -1 The two sharp peaks (Fig. 3) at 2170 and 2117 (P and R branch heads of 2143cm -1 of CO band) are due to free gaseous CO molecule. The bands in the region 2000 -1650 cm -1 region seem to be due to CO linearly bonded to Cobalt [5] . Desorption of CO causes the disappearance of these bands. Figs. 3 and 4 clearly illustrate this effect of CO-desorption. These lines could be due to physisorption processes ranging from weak electrostatic interaction to bonding with one, two, or three surface cobalt metal atoms. The physisorbed bands seems to be dependent on temperature, metal ratio and the time of CO flow. The bands in the 1600 -850 cm -1 region are persistent even after desorption of CO. This might be, as suggested by earlier investigators [6] [7] due to the formation of CO 2 which is stabilized in the matrix as a CO 3 2-species. The bands in the region 2900 -2750 cm -1 are also persistent after desorption and may result due to different chemical interactions between CO and Co-Cr 2 O 3 matrix. We noticed that carbonyls formation takes place when the catalyst is exposed to CO even at room temperature. Though this retards physisorption process, deactivation of the catalyst may not occur and the metal carbonyls formed might play active roles in the catalytic process.
The 1600 cm -1 band seems to be sensitive to the metal ratio and shows a downward trend as Co content increases up to a certain point. Further increase of Co metal in the sample Co/Cr = 16.0, this band became sharper and more intense and shifted back to higher wave numbers (Fig.5 ). It is difficult to ascertain whether it is a frequency shift in the stretching frequency of a a specific carbonyl band or different carbonyl structures occur as more cobalt appears in the matrix. Metal ratio appears to have no significant effect on the other bands in this region.
CONCLUSIONS:
Our NMR studies show no noticeable shift in the NMR lines of cobalt indicating that no significant intermetallic interactions occur between metal and support. Magnetization studies indicate that at lower metal loading Co/Cr ≤ 2, most of the cobalt could be locked in spinel structures and only the metal appears to be amenable for reduction. IR spectra on all the samples studied (0.5 < Co/Cr < 16.0 ) show no measurable changes due to temperature variation either in the absorption or description process. At low Co ratios physisorption bands formed could be due to weak linear CO -metal bonding. Increase in cobalt metal content seems to enhance the physisorption process and CO bonding might be occurring with multiple surface metal atoms. In all the samples studied we have observed metal carbonyl bands indicating that a chemical reaction occurs and CO 2 formed may be stabilized in the matrix as CO 3 2-species. Further studies might provide better insights into the catalytic mechanisms involved.
